ABSTRACT
(LB) in a 250 mL flask which was incubated overnight at 37ºC with shaking at 200 116 rpm. This was followed by measuring the optical density (OD) at 600 nm using a
117
Biomate 5 spectrophotometer (Thermo, Hemel Hempstead, UK) for each isolate.
118
The volume of analyzed bacterial suspension was then normalized to account for 119 variation in cell biomass in the different replicate cultures (4 biological replicates 120 were prepared for each isolate) and used to inoculate a fresh flask of broth, which 121 was incubated at 37ºC for 11 h (when the bacteria reached the stationary phase).
122
Then, 10 mL from each flask was collected and centrifuged at 4800 g for 10 min and 123 the pellet washed three times with sterile deionized water. Figure S1 illustrates the 124 preparation process.
125
For vibrational spectroscopic analysis, the collected pellets were suspended in 126 suitable volumes of saline (0.9% (w/v) NaCl) depending on the OD (all isolates had 127 approximately the same cell density). Then, 15 µL was spotted onto a silicon plate 128 (Bruker Ltd., Coventry, UK) and was allowed to dry at 40ºC for 45 min before 129 analysis with FT-IR spectroscopy. For Raman spectroscopy, 4 µL of each sample 130 was spotted onto a stainless steel plate and then allowed to dry at 40ºC for 45 min.
131
For MALDI-TOF-MS, three different matrices were tested to find the most 132 compatible matrix with enterococci; these matrices were: FA, SA and CHCA. In 133 addition, 3 different deposition methods (sample-matrix) were tested as described 134 previously (16) to find the best method for depositing the samples: mix, overlay and underlay (data not shown). SA matrix and the mix deposition method were found to 136 be the optimal combination for MALDI-TOF-MS analysis for these samples. On the 137 day of analysis of the samples, the biomass was suspended in 1000 µL of 2% TFA 138 then vortexed for 3 min. An equal volume of 10 µL of bacterial suspension and 139 matrix were vortexed for 2 s and 2 µL of this mixture spotted onto a MALDI 140 stainless steel plate and allowed to dry at ambient temperature.
141
Fourier transform infrared (FT-IR) spectroscopy. FT This was achieved by using a piece-wise direct standardization (PDS) model (36).
181
The PDS model was built on two different 'reference' isolates which were spotted on 182 every plate. The pre-processed FT-IR spectra were then subjected to multivariate 183 analysis (MVA, see below). Raman spectra were also normalized using standard 184 normal variate (SNV) and then subjected to MVA. 
239
Classification using FT-IR spectroscopy.
240
In this study, four biological replicates of bacterial isolates were analyzed in four group and is a combination of (EC13, EC19, EC14, EC09, UNI 214 and UNI 178).
263
Each cluster is represented by a different color in the figure. As described above,
264
HCA was undertaken using spectral data in order to simplify the DFA plot and to
265
illustrate the related strains. Cluster analysis was based on averaged DFA scores (12 266 classes/strains), using Ward's linkage as shown in Figure 2B . Clusters seen in Figure   267 2A are reflected in the HCA dendrogram plot (Fig. 2B ). Figure S4A and B at the two 287 levels.
288
The confusion matrices of strains and isolates classification are presented in 289   Table 1 and Table S3 respectively (65-67).
332
PC-DFA scores plot of pre-processed Raman spectra for the 12 PFGE-defined 333 types is shown in Figure S5A . The figure shows classification results similar to those seen with FT-IR spectroscopy data. There was an obvious overlap between the two 335 spectroscopic techniques, especially with representatives of EC10. However, EC20
336 overlapped with UNI 156 in FT-IR spectroscopy data, whereas EC20 was closer to
337
UNI 178 based on Raman spectroscopy data. These observations can be seen in the
338
HCA dendrogram based on Raman data (Fig. S5B) , which was quite similar to the
339
HCA results generated from FT-IR data. Looking back at the dendrogram in 340 Figure S2 based on PFGE data, visual inspection showed that there were some 341 similarities between results generated via spectroscopic techniques and those based 342 on PFGE; for example, EC04 and EC15 were shown to overlap in both sets of results
343
( Fig. S2 ).
344
As with FT-IR data, Raman spectroscopy data on the 35 isolates were also 345 analyzed using to PC-DFA and HCA ( Fig. S6A and B, respectively) . The results
346
suggested that Raman spectroscopy was also successful in discriminating the two 347 representatives of EC10 (139 and 151), which was also the case using FT-IR 348 analysis (Fig. 3) . Furthermore, in order to ensure the classification is robust, the data 349 were analyzed using a heat map based on PLS-DA (Fig. S6C) . The results suggested 350 that all the isolates indicated as unique (UNI) by PFGE were also unique in the PLS-
351
DA model generated using Raman spectroscopy data.
352
In addition, chemometric-based identification was carried out using PLS-DA at 353 both the strain and isolate levels and the predictive accuracies were calculated based 354 on 1,000 bootstrapping resampling using Raman spectral data. The null distribution 355 was obtained ( Fig. S4C and D respectively. The CCR from FT-IR data was higher at both levels compared to matrices were also generated at both the strain level (Table S2A) Figure S3C . In general, the MALDI-TOF-MS spectra were of high 380 quality with high signal-to-noise ratios in the acquisition m/z range 1,000-18,000 and 381 a high number of peaks for each studied strain were detected. are shown in Figure S7A and B, respectively. Table   415 S2B and those for the 35 classes (isolates) are shown in Table S4 . classes (160 and 219 isolates removed) are shown in Figure S8A and C, respectively.
420
From these matrices, it can be seen that all the isolates identified by the reference data generated by the three analytical platforms. In order to assess the overall 457 information content in the spectra that has been revealed by the cluster analysis from the scores plots, Procrustes analysis was employed to assess the overall similarity 459 between the patterns detected by these three platforms. The results are presented in 460 terms of Procrustes distance (Table 2A and 
467
The findings in Table 2 can be summarized as follows: two analytical techniques employed in this study.
498
The results obtained using these spectroscopic phenotyping approaches were 499 mostly consistent with previous results obtained from experiments carried out using 500 the genotypic classification method, PFGE. Some of the results differed when 501 directly comparing our analytical approach with results from the molecular approach 502 and these differences may be due to comparing phenotypic differences from whole-503 organism fingerprinting with genotypic differences using PFGE.
504
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